Purpose: To compare the positive margin rates for women with nonpalpable breast tumors who underwent breast conserving surgery with wire localization versus those with radioactive seed localization in a small community hospital and to compare the size of the corresponding breast specimens.
The radioactive seed localization (RSL) technique, which will be described in greater detail in the discussion section, was first described in 2001 from the H. Lee Moffit Cancer Center (Gray et al., 2001) . A low energy I-125 (27-keV) source is inserted into the breast lesion prior to the surgery by the radiologist under image guidance. The surgeon then removes the breast mass at the appropriate time using a radioactive probe (Jakub et al., 2010) . The specimen radiograph and radiation survey measurements of the patient in the operating room confirm that all the radioactive material has been removed. The RSL technique requires careful handling of the radioactive materials and corresponding documentation (Pavlicek, Walton, Karstaedt, & Gray, 2006) . The operating room staff and the pathology staff likewise need to follow special procedures as directed by the radiation safety officer (Graham, Jakub, Brunette, & Reynolds, 2012) .
We initiated our RSL program February 12, 2014 with one breast surgeon and two diagnostic radiologists trained in this technique. We reported on our initial 2014 experience comparing 48 RSL patients and 36 WL patients from our community hospital (Wheeler et al., 2016) . Our initial positive margin rate was not statistically different between the WL (8.3%) and RSL (10.4%) patients, but the specimen weight was larger for the RSL patients (63 g) than for the WL patients (33 g; p = 0.02). If the size difference persisted with a significantly larger number of patients, there could be legitimate concerns that the cosmetic outcome was compromised using the RSL technique. Since many factors influence specimen size and there is inevitably a learning curve with any surgical technique, we chose to carefully evaluate our RSL program during its second year.
Our previous work did not contain information regarding hormonal receptor status. A recent Chinese report indicated that patients with Her-2 positive breast cancer had an increased risk of positive margins following breast conserving surgery (Jia H et al., 2014) . We wished to see if Her-2 status was similarly associated with positive margins among our patients.
Since many of our patients had their screening mammograms and core biopsy at an outside institution, we wondered if patients diagnosed at our hospital had a shorter delay between initial imaging finding and breast conserving surgery or between core biopsy and breast conserving surgery. For these reasons, we embarked upon this new study.
Method

Data Collection
The study institution is an approximately 100 bed community hospital located in a rural community of 32,000. The hospital IRB gave approval to conduct this retrospective study. Through the tumor registry, 60 patients were identified who underwent breast conserving surgery (BCS) between September 18, 2013 and December 10, 2014. Thirty-eight patients had nonpalpable tumors and underwent BCS using WL. Two patients had benign disease and were excluded from further analysis. One patient with invasive cancer received pre-operative chemotherapy and was likewise excluded. The remaining 35 patients constituted the WL group. The WL patients treated by surgeons who chose to not learn the RSL technique were included through December 2014. As the RSL program matured, the two surgeons who performed the most BCS cases used WL only if there were features that made them unsuitable for RSL. Consequently, the WL patients after 2014 were not included in this study.
The RSL patients were identified through the nuclear medicine records. Patients who had benign disease or who had preoperative chemotherapy were excluded. The 110 RSL patients included in this study underwent BCS between February 12, 2014 and December 16, 2015.
Study Objectives
The primary objective was to determine if the introduction of the RSL technique significantly changed the positive margin rate compared to the WL technique. Secondary objectives included determining if the weight of the breast specimen removed was significantly different between the RSL and WL techniques. We also wished to determine if the positive margin rate differed among the surgeon or among the radiologist who placed either the localization wire or the radioactive seed. We sought to determine if the positive margin rate depended on the estrogen receptor, progesterone receptor, or Her-2 receptor status. We evaluated the positive margin rate by the DCIS size, DCIS grade, invasive tumor size, invasive tumor grade, or patient age.
Statistical Analysis
The Fisher exact test was used to compare the margin positivity rate between the WL and RSL techniques. The p-value and the odds ratio of having a positive margin between the RSL and WL techniques were calculated. The logistic regression model was applied to explore the relationship between the likelihood of having a positive margin and the patient age, weight of the breast specimen, receptor status, the DCIS size, DCIS grade, invasive tumor size, invasive tumor grade, surgeon, radiologist, and other factors. The 2-sample t-test was performed to compare the log-transformed time from initial imaging finding to biopsy for imaging performed at an outside institution compared to inside the institution, and to compare the log-transformed time from core biopsy to breast conserving surgery for patients diagnosed outside or within the institution.
Results
Patients
Thirty-five patients underwent wire localization BCS between September 18, 2013 and December 10, 2014. The comparison group consisted of 110 RSL patients who underwent BCS between February 12, 2014 and December 16, 2015. Table 1 demonstrates the patient characteristics of both groups in terms of tumor stage and the patient age at the time of BCS. As expected for patients with nonpalpable breast lesions, over half the patients had stage 0 or I tumors. The patients in the WL group had an average age of 65 years compared to 62 years for the RSL patients.
Source Placement Relative to Breast Conserving Surgery
Of the 110 patients who underwent RSL, only one patient had two I-125 seeds. The remainder all had a single I-125 seed placed. The majority of patients had the I-125 seed placed two days prior to surgery, with a range of 0 to 28 days. Eight patients had seed placement the same day as BCS. Two patients had the seed placement one day prior to BCS. Seventy-one patients had seed placement two days prior to BCS. Nine patients had seed placement three days prior to BCS, two patients four days, and four patients five days prior to BCS. Although our program was designed to have BCS within five days of I-125 seed placement, individual circumstances resulted in four patient having BCS more than seven days after seed placement. The greatest delay came from a patient who cancelled her planned surgery to seek a second surgical opinion at a different facility, but ultimately returned for BCS 28 days following I-125 placement.
Positive Margin Rates
Three of the 35 WL patients (8.5%) had a positive margin compared to 14 of the 110 RSL patients (12.7%). The odds of having a positive margin in patients who underwent RSL were 1.55 times the odds in patients who had WL, with a 95% CI of (0.396, 8.950). The p-value (Fisher's exact test) was 0.763, indicating the difference in the margin positivity rate was not statistically significant.
Surgeon A performed 127 of the cases, Surgeon B performed 17 cases, and Surgeon C performed 1 case among the 145 total WL and RSL patients. We combined the cases of the last two surgeons to form a group of 18 patients. The odds of having a positive margin for Surgeon A was 0.622 times of the odds of the combined patients of the other two surgeons, with a 95% CI of (0.147, 3.760). The p-value (Fisher's exact test) was 0.445. The margin positivity rate did not depend on whether Surgeon A or the combined group of Surgeons B and C performed the BCS in this combined group of WL and RSL patients in a statistically significant manner.
The three radiologists who performed RSL also performed all but five of the WL procedures. Combining the four radiologists who performed these five cases into a single group formed the reference category, which had no positive margin cases. There was no statistically significant difference in the margin positivity rate based on the radiologist placing the wire or radioactive localization seed, as shown in table 2.
Separating the analysis to include only the 110 RSL patients, Surgeon A performed 97 cases and Surgeon B performed 13 cases. The odds ratio of having a positive margin for Surgeon A versus Surgeon B was 1.212 (0.368, 4.684 with a p-value > 0.999.
For the three radiologists who performed the 110 RSL cases, Radiologist A performed 21 cases with 3 positive margins, Radiologist B performed 39 cases with 3 positive margins, and Radiologist C performed 50 cases with 8 positive margins. There was no association between the radiologist and the positivity of the margins (p-value = 0.492).
Although there was no association between the surgeon or radiologist involved in the RSL procedure and the positive margin rate, this is partly due to the overall low positive margin rate and the number of patients in this study. A power calculation shows that, for two equally sized groups of surgeons (or radiologists), if the positive margin rate for group 1 is 10% and for group 2 is 15%, to reach 80% power with 5% Type-1 error rate requires 685 patients per group. If the positive margin rate for group 1 is 10% and for group 2 is 20%, to reach 80% power with 5% Type-1 error rate requires 200 subjects per group. The same concern applies to the type of surgical procedure performed, namely WL versus RSL.
Time Interval from Abnormal Mammogram to Biopsy
To compare the time interval between the abnormal mammogram and the biopsy for patients who had their mammogram at our institution compared to other locations, the two-sample t-test was performed on the log-transformed time interval. The geometric mean (days) was 15.1 days at our location versus 14.6 days for other locations. This represented a 3.3% change. The 95% CI was (-28.9, 50.0) %; with a p-value of 0.864.
Time Interval from Abnormal Mammogram to Breast Conserving Surgery
The two-sample t-test was used to compare the log-transformed time interval between biopsy to breast conserving surgery for patients whose abnormal imaging was performed at the study institution compared to other locations. The geometric mean was 23.0 days for patients imaged at the study institution versus 35.1 days for those imaged elsewhere. This represented a -34.5% change. The 95% CI was (-47.6, -18 .1) %, p<0.001.
Covariates
Specimen Weight of RSL versus WL
The two-sample t-test was used to compare the log-transformed specimen weight between patients undergoing WL versus RSL. The geometric mean was 32.78 g for the RSL patients versus 30.26 g for the WL patients, a difference of 8.3%. The 95% CI was (-17.2, 41.6) % with a p-value of 0.553. There was no statistically significant difference in the specimen weight of the RSL and WL patients.
Invasive Tumor Grade and Tumor Size
To determine whether tumor grade or size influenced the positive margin rate for either the invasive or DCIS components, a logistic regression was performed with the Firth bias correction. Compared to grade 1 patients with invasive cancer, the odds ratio for a positive margin for grade 2 patients was 0.602 with a 95% CI (0.159, 2705); p-value 0.481. Compared to grade 1 patients, for grade 3 patients with invasive cancer the odds ratio for a positive margin was 0.458 with a 95% CI (0.086, 2.423); p-value = 0.346.
When the invasive tumor size increased by 1 mm, the odds of having a positive margin increased by 7.2% with a 95% CI of (2.0, 13.6) %; the p-value = 0.006.
DCIS Size and Grade
Whether the DCIS size influenced the positive margin rate was likewise examined via logistic regression with Firth bias correction. The odds ratio of having a positive margin was 1.053 with a 95% CI of (1.012, 1.097) if the DCIS size increased by 1 mm, and the associated p-value was 0.012.
Regarding the possible effect of DCIS grade on the positive margin rate with grade 1 as the reference category, the odds ratio of having a positive margin for grade 2 DCIS patients was 0.603 with a 95% CI of (0.160, 0.463); p-value 0.463. For grade 3 DCIS patients compared to grade 1 patients, the odds ratio for having a positive margin was 0.301 with a 95% CI of (0.048, 1.514); p-value 0.145.
The odds of having a positive margin in patients with a DCIS component was 1.21 times of the odds in patients without, with a 95% CI of (0.368, 4.684). The p-value of the Fisher's exact test was >0.999. This difference was not statistically significant.
Size of Invasive Tumor or DCIS and Specimen Weight
There was a positive correlation between the invasive tumor size and the specimen weight for the patients with invasive breast cancer (Spearman correlation coefficient = 0.331; p-value <0.001). There was not a similar positive correlation between the DCIS size and the specimen weight for the patients with DCIS and without an invasive component (stage 0). The Spearman correlation coefficient was 0.06; p-value 0.640.
Patient Age
Whether age influenced the positive margin rate was examined via logistic regression with the Firth bias correction. The odds ratio of having a positive margin was 1.041 with a 95% CI of (0.994, 1.094) if the age increased by 1 year; the associated p-value was 0.088.
Estrogen Receptor Status
All 17 of the positive margins occurred in the 136 patients with estrogen receptor (ER) positive invasive tumors or DCIS. None of the 9 ER negative patients had a positive margin, but this difference was not statistically significant. The odds ratio of having a positive margin between ER negative and positive patients was 0. The associated 95% CI was (0, 3.92), with a p-value 0.599.
Progesterone Receptor Status
Among the 126 patients with progesterone receptor (PR) positive invasive cancer or DCIS, 13 had positive margins. Of the 19 PR negative patients, four had a positive margin. The odds of having a positive margin in PR negative patients was 2.30 times of the odds in PR positive patients. The associated 95% CI was (0.48, 8.83) with a p-value 0.241.
Her-2 Copy Number
Whether the Her-2 copy number influenced the positive margin rate was examined via the logistic regression with the Firth bias correction. The odds ratio of having a positive margin was 0.998 if the Her-2 copy number increased by 0.1 unit with a 95% CI of (0.935, 1.021). The p-value was 0.899.
Discussion
The use of wire localization to assist the surgeon remove nonpalpable breast tumors has been used for the past three decades. Its disadvantages include the need for close coordination between the radiologist inserting the localization wire and the operating room and surgeon for breast tumor removal the same day. The localization wire can be dislocated from its correct position, and the patient has a wire protruding from her breast until the operative procedure.
With the RSL approach, the radiologist places a low activity I-125 source, typically with an activity between 0.100 and 0.289 mCi (3.7-10.7 MBq) into the breast under image guidance, generally using either ultrasound or mammography. Since the technique of placing the I-125 source is similar to the placement of a radiographic marker immediately following a breast biopsy, it is relatively straightforward for the radiologist to learn the I-125 technique.
Just as a set of mammographic images are obtained immediately following a breast biopsy to document the biopsy location in the breast, mammographic images are obtained to document the I-125 seed placement. If the I-125 seed is not in the correct location, then a second I-125 seed must be deployed and both I-125 seeds must be removed at the time of BCS. Clinically important seed migration is rare, constituting less than 1% of cases (McGhan, McKeever, & Pockaj, 2011) , (Barentsz, et al., (2013) . Goudreau (Goudreau, Joseph, & Seiler, 2015) provides an excellent description of the technique for the radiologist regarding inserting the I-125 seed.
The radiologist does need to obtain written consent from the patient for the placement of the radioactive seed, complete the written directive, perform radiation survey measurements, and assure that the patient obtains the appropriate instructions. Since the activity of the I-125 source is so low, the patient is free to conduct all of her normal activities (Dauer et al., 2013) . She does not need to restrict her contact with other people.
The implanted I-125 source has a physical half-life of 60 days, so there is flexibility in the timing of the RSL source insertion relative to the planned breast conserving surgery. It can, as in wire localization, be placed the day of the surgery, as was the case for 8/110 (7%) of our patients. The majority of our patients (71/110 = 64%) had I-125 placement two days prior to the planned breast conserving surgery. Our program, like many others, intends for the surgical removal of the breast specimen to occur within five days of the I-125 seed placement. Sometimes exceptional circumstances arise leading to a delay in I-125 removal. Four of our patients had their BCS more than seven days from I-125 seed placement.
Since surgeons are familiar with the use of a radiation probe for performing a sentinel lymph node biopsy, learning the appropriate technique for localization of the I-125 seed placed within the tumor in the breast is relatively straightforward. The Technitium-99 used to assist in localizing the sentinel lymph node has a much higher energy (140-keV) than that of the I-125 seed (27-keV), but dual probes are available that allow the user to easily switch between the energies of these two isotopes (Aima, Viscariello, Patton, & Bednarz, 2016) .
Since breast tissue is normally pliable, the likelihood of damaging the I-125 with a scalpel during removal of the breast specimen is remote because the seed tends to be pushed to one side. A study in pig tissue demonstrated that the I-125 seed had to be immobilized with tweezers before it could be damaged with either a scalpel or an electrocautery blade (Classic, Brunette, & Carlson, 2009 ).
The standard surgical radiograph used to evaluate the breast specimen also serves to confirm removal of the I-125 seed. It is still necessary to perform a radiation survey of the patient to further confirm and document removal of all radioactive material. If a seed was transected and a portion remained in the patient, this radiation survey should alert the surgeon to take appropriate action.
The pathology team also must learn the correct handling of the breast specimen containing the I-125 seed (Graham, Jakub, Brunette, & Reynolds, 2012) . It is possible to transect the radioactive seed (Gilcrease et al., 2016) , and the pathology staff needs to be aware of how to handle this rare event. Once removed from the breast specimen, the I-125 seed needs to be returned to the nuclear medicine department for storage until returned to the vendor or until it can otherwise be disposed. There are documentation requirements regarding the handling of the I-125 seed at each stage of the process. The multidisciplinary aspects of starting an RSL program have been described in detail, starting with identifying a champion through designing and implementing a fail-safe seed tracking system and recovery procedure (Jakub & Gray, 2015) .
A sampling of published reports from academic centers has shown that the positive margin rate using RSL is comparable to that obtained with WL. At the Memorial Sloan-Kettering Cancer Center, the positive margin rate during the initial six months of using the RSL technique was 7.7% for the 431 RSL patients versus 5.5% for the 256 WL patients (Murphy, et al., 2013) . The University of Texas MD Anderson Cancer Center reported that the combined close or positive margin rate was 20% (26/127) for the RSL patients and 20% (104/533) for the WL patients . At the University of Pittsburgh, it was reported that 21.1% (24/114) of RSL patients required a re-excision for close or positive margins, compared to 26.3% (31/118) WL patients (Sharek, et al., 2015) . The University of Kansas reported a 23% (10/44) positive margin rate with RSL versus 24% (15/62) with WL (Rarick, Kimler, & Tawfick, 2016) . Catharina Hospital had one of the lowest positive margin rates, 4.6% (15/325) with RSL, but there was no corresponding WL group (Van Riet et al., 2010) . The Netherlands Cancer Institute (Janssen, et al., 2016) reported positive margin rates with RSL as 9.1% for DCIS and 9.7% for invasive cancer, but likewise there was not a comparison WL group. A Canadian multicenter randomized trial also favorably compared RSL to WL, with positive margin rates of 10.5% for the 152 RSL patients and 11.8% for the 153 WL patients (Lovrics, et al., 2011) . A recent Cochrane Review also concluded that RSL provided comparable outcomes to WL (Chan, Wiseberg-Firtell, Jois, Jensen, & Audisio, 2015) .
Our reported positive margin rates of 12.7 % (14/110) for RSL and 8.5% (3/25) for WL likewise were not statistically different. Our power calculation revealed if the positive margin rate was 10% for one technique and 15% for the other, to detect a difference with 80% power at the 95% confidence level required a minimum of 685 patients in each group. To detect a similar difference between a 10% positive margin with one technique and 20% for the other required at least 200 patients in each group. Our series, like many of those cited above, lacked a sufficient number of patients to accurately detect a difference of this magnitude.
The difference in close/positive margin rates between the above cited series is partially due to what was considered at each institution to be an adequate surgical margin. The publication of consensus guidelines for stages I and II invasive cancer (Moran et al., 2014) as no tumor on ink and for DCIS (Morrow et al., 2016) as 3mm should facilitate comparisons between institutions for future patients. At our institution during the time the patients in our series were treated, we followed the NSABP definition and used no tumor on ink as being a negative margin for both invasive cancer and DCIS.
Patient satisfaction scores have become increasingly important as a quality measure. Two studies have demonstrated higher convenience scores and higher patient satisfaction scores among patients who had breast conserving surgery using RSL rather than wire localization (Hughes et al., 2008) , (Bloomquist, Ajkay, Patil, Collett, Frazier, & Barrio, 2016) . Bleicher et al. (2015) analyzed a Surveillance, Epidemiology, and End Results (SEER)-Medicare cohort consisting of 94,544 women over 66 years of age and determined that the time from diagnosis to surgery correlated with disease specific survival when evaluated in five cohorts ≤30, 31-60, 61-90, 91-120, and 121-180 days, favoring the shorter time from diagnosis to surgery (Bleicher et al., 2015) . We examined the time from mammographic abnormality to biopsy and from mammogram to BCS for patients imaged at our facility versus an outside facility. We found there was no difference in the time from mammogram to biopsy for patients imaged at our center versus others (15.1 versus 14.6 days, p-value = 0.864). There was a significant difference in the time from mammogram to BCS for those imaged at our facility versus others (23.0 days versus 35.1 days, p-value < 0.001). The SEER-Medicare analysis indicates this difference could have clinical significance.
The analysis of our first 48 RSL patients (Wheeler et al., 2016) indicated the specimen weight was significantly larger for the RSL patients (average of 63 g) compared to the WL patients (average of 33 g; p=0.02). Since a larger specimen size could cause an inferior cosmetic result, it was encouraging that with the added experience accumulated with the second year of the RSL program, the difference in the specimen size no longer was significant, with a geometric mean of 32.78 g for the RSL patients compared to 30.26 for the WL patients, p-value 0.553. We found no relationship between invasive tumor grade and the likelihood of a positive margin for either grade 1 versus grade 2 or grade 1 versus grade 3. We did find an increased likelihood of having a positive margin for larger tumors. We similarly found no increase likelihood of a positive margin with DCIS nuclear grade, but the larger DCIS lesions were likely to have a positive margin. We did not find an association between the likelihood of a positive margin and the patient's age.
The Chinese study by Jia reported the increased likelihood of positive margins among patients with Her-2 positive invasive tumors undergoing breast conserving surgery (Jia et al., 2014) . We were not able to establish an association between the positive margin rates and the Her-2 copy number or either the ER or PR receptor status.
We started our RSL program February 12, 2014 with one breast surgeon and two diagnostic radiologists trained in this technique. The addition of an additional surgeon and another radiologist did not adversely affect the positive margin rates, but the number of patients was not adequate to detect a difference of even 10% versus 20% in the positive margin rates.
Conclusion
The RSL technique is a convenient alternative to WL of nonpalpable breast lesions. It allows the radioactive localization marker to be conveniently placed up to five days prior to the planned breast conserving surgery. The patient never has a localization wire that could potentially become displaced. The RSL technique capitalizes on the radiologist's skill at placing a marker in the breast at the site of an image guided biopsy, so the placement of the I-125 seed in the breast is relatively straightforward. The RSL technique utilizes the surgeon's skill at using a radiographic probe to remove a sentinel lymph node, adapting it to radioguided removal of the breast specimen. Implementing an RSL program requires multidisciplinary coordination and training of all members of the team and strict adherence to guidelines associated with the use of radioactive materials.
There are numerous publications from academic centers demonstrating that the positive margin rate is not significantly different using RSL and WL, and our series confirms that community hospitals can also adopt the RSL technique with the same expectation. Although our initial experience of our first 48 patients demonstrated a significantly larger specimen size with RSL compared to WL, 63 g versus 33 g (p-value = 0.02), this analysis of our first 110 RSL procedures shows no significant difference (33 g RSL versus 30 g WL, p-value = 0.553). There is no reason to suspect that adoption of the RSL technique will lead to removal of larger breast specimens and an inferior cosmetic result. The few studies available indicate improved patient satisfaction with RSL compared to WL for removal of nonpalpable breast specimens.
Breast surgeons and radiologists in community hospitals should be encouraged to initiate the RSL technique.
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